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Summary
Aims:	 Finasteride	 inhibits	 the	 conversion	 of	 testosterone	 to	 dihydrotestosterone.	
Because	androgen	regulates	dopaminergic	system	in	the	brain,	 it	could	be	hypothe-
sized	that	finasteride	may	inhibit	dopaminergic	system.	The	present	study	therefore	
investigates	the	effects	of	finasteride	in	adolescent	and	early	developmental	rats	on	
dopaminergic	system,	including	contents	of	dopamine	and	its	metabolites	(dihydroxy	
phenyl	acetic	acid	and	homovanillic	acid)	and	tyrosine	hydroxylase	expressions	both	at	
gene	and	protein	 levels.	Meanwhile,	 open-	field	behaviors	of	 the	 rats	 are	examined	
because	of	the	regulatory	effect	of	dopaminergic	system	on	the	behaviors.
Methods:	Open-	field	behaviors	were	evaluated	by	exploratory	and	motor	behaviors.	
Dopamine	 and	 its	metabolites	were	 assayed	 by	 liquid	 chromatography-	mass	 spec-
trometry.	Tyrosine	hydroxylase	mRNA	and	protein	expressions	were	determined	by	
real-	time	qRT-	PCR	and	western	blot,	respectively.
Results:	 It	was	 found	 that	 in	 adolescent	male	 rats,	 administration	 of	 finasteride	 at	
doses	of	25	and	50	mg/kg	for	14	days	dose	dependently	inhibited	open-	field	behav-
iors,	reduced	contents	of	dopamine	and	its	metabolites	in	frontal	cortex,	hippocampus,	
caudate	 putamen,	 nucleus	 accumbens,	 and	 down-	regulated	 tyrosine	 hydroxylase	
mRNA	 and	 protein	 expressions	 in	 substantia	 nigra	 and	 ventral	 tegmental	 area.	
However,	there	was	no	significant	change	of	these	parameters	in	early	developmental	
rats	after	finasteride	treatment.
Conclusion:	These	results	suggest	that	finasteride	inhibits	dopaminergic	system	and	
open-	field	behaviors	in	adolescent	male	rats	by	inhibiting	the	conversion	of	testoster-
one	to	dihydrotestosterone,	and	imply	finasteride	as	a	potential	therapeutic	option	for	
neuropsychiatric	 disorders	 associated	 with	 hyperactivities	 of	 dopaminergic	 system	
and	androgen.
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1  | INTRODUCTION

Androgen	plays	a	pivotal	role	in	the	regulation	of	multiple	neuropsy-
chiatric	behaviors	in	the	central	nervous	system.1-3	Numerous	stud-
ies	have	revealed	 that	disturbance	of	central	androgen	contributes	

to	the	pathogenesis	of	neuropsychiatric	disorders,	such	as	Tourette	
syndrome,	which	usually	occurs	 in	 the	developmental	 children	and	
characterized	 by	multiple	 motor	 tics	 and	 vocal	 tics.4	 For	 instance,	
application	 of	 androgen	 aggravated	 motor	 tics	 in	 Tourette	 syn-
drome	 patients,5,6	 while	 treatment	 with	 flutamide,	 an	 androgen	
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receptor	 antagonist,	 significantly	 alleviated	 the	Tourette	 syndrome	
symptoms.7,8

Dopaminergic	system	in	the	brain	also	plays	an	important	role	in	the	
regulation	of	behaviors	besides	its	regulation	on	extra-	pyramidal	system,	
and	studies	have	shown	that	dopaminergic	system	can	be	regulated	by	
androgen	in	the	brain.	For	example,	administration	of	nandrolone	de-
canoate	or	testosterone	significantly	enhanced	activity	of	dopaminer-
gic	system	in	adult	rats,	presented	as	increased	dopamine	transporter	
binding	densities	 in	caudate	putamen	 (CPu).9,10 Intranasal administra-
tion	of	testosterone	facilitated	the	release	of	dopamine	and	increased	
contents	of	dopamine	in	the	intercellular	space.11	These	studies	suggest	
a	possibility	that	the	dopaminergic	system	might	be	involved	in	some	
androgen	disturbance-	induced	neuropsychiatric	diseases.	Indeed,	aber-
rant	metabolisms	of	dopamine	have	been	shown	to	contribute	to	the	
development	and	maintenance	of	Tourette	syndrome.12-15

Finasteride	 is	 a	 type	 II	 5α	 reductase	 inhibitor	 and	 inhibits	 the	
conversion	 of	 testosterone	 to	 dihydrotestosterone	 which	 is	 the	
potent	 androgen.16	 Finasteride	 is	mainly	 used	 for	 the	 treatment	 of	
high	 androgen-	induced	 illness,	 such	 as	benign	prostatic	 hyperplasia	
and	alopecia.17	Preliminary	study	revealed	that	finasteride	treatment	
to	 male	 adult	 patients	 with	 Tourette	 syndrome	 could	 significantly	
improve	 symptoms	of	Tourette	 syndrome,	 such	 as	motor	 and	vocal	
tics,17,18	and	elicit	antipsychotic-	like	effect	in	rats.19	Considering	the	

regulatory	effect	of	androgen	on	dopaminergic	 system	 in	 the	brain,	
it	 could	 be	 hypothesized	 that	 finasteride	 might	 inhibit	 dopaminer-
gic	system	by	inhibiting	androgen.	Therefore,	the	present	study	was	
undertaken	to	investigate	the	effect	of	finasteride	on	brain	dopami-
nergic	system	 in	adolescent	and	early	developmental	 rats,	 including	
the	contents	of	dopamine	and	 its	metabolites,	 tyrosine	hydroxylase	
expressions	at	both	gene	and	protein	 levels.	Meanwhile,	open-	field	
behaviors	were	 tested	 because	 of	 the	 regulatory	 effect	 of	 dopami-
nergic	 system	on	 the	behaviors.	This	 study	would	 facilitate	 the	un-
derstanding	and	clinical	application	of	finasteride	in	the	treatment	of	
neuropsychiatric	disorders.

2  | MATERIALS AND METHODS

2.1 | Animals

Healthy	 male	 Wistar	 rats	 during	 adolescence	 of	 postnatal	 day	 35	
and	 early	 developmental	 rats	 of	 postnatal	 day	7	were	used.	All	 rats	
were	provided	by	The	Experimental	Animal	Center	of	Hebei	Medical	
University.	Animals	were	housed	in	the	room	temperature	of	22	±	3°C,	
12	hour	 light	dark	cycle,	 food	and	water	ad	 libitum.	All	experimental	
procedures	were	in	accordance	with	the	Guide	for	the	Care	and	Use	
of	Laboratory	Animals	of	Hebei	Medical	University.	The	protocol	was	

F IGURE  1 The	schematic	diagram	
shows	animals’	age,	time	point	of	
finasteride	administration,	behavioral	tests	
and	sampling

Open- field behaviors Descriptions of behaviors

Exploratory	behavior

Walking The	number	of	rats	walk	around	while	
sniffing	the	environment50-52

Sniffing The	number	of	rats	sniff	the	environment	
while	moving50-53

Climbing The	number	of	rats	stand	up	with	hind	
feet	leaning	against	wall50-52

Rearing The	number	of	rats	stand	up	without	rear	
feet	leaning	against	wall50-52

Motor	behavior

Vertical	activity The	number	of	rats	stand	up	with	hind	
feet54,55

Horizontal	activity The	number	of	rats	cross	the	squares54-57

Total	path	length The	distance	of	rats	cross	the	grills58

TABLE  1 Behaviors	observed	in	the	
open-	field	test
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approved	by	the	Committee	of	Ethics	on	Animal	Experiments	of	Hebei	
Medical	University.	All	efforts	were	made	to	minimize	animal	suffering.

2.2 | Groupings and protocols

The	adolescent	rats	of	postnatal	day	35	(n	=	28)	were	randomly	divided	
into	control	and	finasteride	group.	According	to	the	dose	of	finasteride	
used,	finasteride	group	was	further	divided	into	3	subgroups	of	3,	25	
and	50	mg/kg	(n	=	7	for	each	dose).	The	doses	of	finasteride	were	de-
termined	based	on	the	previous	reports.20-22	Rats	in	finasteride	group	
were	repeatedly	administrated	with	finasteride	dissolved	in	sesame	oil	
and	ethanol	 (5%	v/v)	by	subcutaneous	 injection	on	 the	back	of	 rats	
once	a	day	for	14	days	from	postnatal	day	35-	48.	Rats	in	control	group	

were	administrated	with	vehicle	(sesame	oil)	as	the	same	protocol	to	
those	 in	 finasteride	group.	On	 the	next	day	 (postnatal	day	49)	after	
the	completion	of	finasteride	or	vehicle	administration,	open-	field	test	
was	conducted	to	evaluate	exploratory	and	motor	behaviors	and	then	
rats	were	sacrificed	by	decapitation	under	anesthesia	(Figure	1A).	The	
frontal	cortex,	hippocampus,	CPu	and	nucleus	accumbens	(Acb),	which	
are	 the	sites	of	dopaminergic	projections	 located	at,	were	dissected	
for	 the	assay	of	contents	of	dopamine	and	 its	metabolites	 including	
dihydroxy	phenyl	 acetic	acid	 (DOPAC)	and	homovanillic	 acid	 (HVA).	
The	substantia	nigra	(SN)	and	ventral	tegmental	area	(VTA),	which	are	
the	sites	of	dopaminergic	neurons	located	at,	were	dissected	for	the	
assay	of	expressions	of	 tyrosine	hydroxylase	 (TH)	 at	both	gene	and	
protein	levels.

F IGURE  2 Open-	field	test	shows	
the	effect	of	finasteride	on	exploratory	
behaviors	in	adolescent	(A)	and	early	
developmental	rats	(B).	**P <	0.01,	
*P <	0.05.	It	is	shown	that	finasteride	
treatment	at	doses	of	25	and	50	 
mg/kg	significantly	inhibits	the	exploratory	
behaviors	in	adolescent	rats	(A)	in	
comparison	with	control	group,	while	has	
no	effect	in	early	developmental	rats	(B).	
(n	=	7	for	each	group)
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In	addition,	the	effect	of	finasteride	on	early	developmental	rats	
of	postnatal	day	7	was	also	observed	as	the	control	of	adolescent	
rats.	The	 grouping	 and	 protocols	were	 the	 same	 to	 those	 in	 ado-
lescent	 rats,	except	 that	 the	 initial	administration	 time	point	of	 fi-
nasteride	 and	 vehicle	 in	 all	 groups	were	 from	 postnatal	 day	 7.	 In	
addition,	 besides	 the	 observation	 time	 point	 on	 postnatal	 day	 21	
(the	next	day	after	the	completion	of	finasteride	or	vehicle	admin-
istration),	another	observation	time	point	on	postnatal	day	49	was	
conducted	to	evaluate	whether	the	administration	of	finasteride	in	
early	 developmental	 stage	 had	 delayed	 effect	 in	 adolescent	 stage	
(n =	7	 for	 each	 dose	 and	 time	 point,	 total	 of	 56	 rats	 were	 used)	
(Figure	1B).

2.3 | Open- field test

The	open	field	(100	×	100	×	40	cm)	was	made	up	of	4	black	walls	and	
a	white	bottom.	The	bottom	consisted	of	25	squares	(20	×	20	cm),	
and	each	square	was	composed	of	400	grills	(1	×	1	cm).	The	open	
field	was	located	at	a	sound-	attenuating	chamber	and	illuminated	
with	20	lux	light.	A	camera	was	installed	above	the	open	field.	In	
order	 to	 eliminate	 odors,	 the	 field	 was	 cleaned	 with	 70%	 alco-
hol	before	each	animal	was	tested.	The	open-	field	test	was	con-
ducted	according	to	the	previous	reports.23,24	Briefly,	on	the	test	
day,	each	rat	was	placed	at	the	center	of	arena	and	was	allowed	
to	explore	and	videotaped	for	15	minutes.	Exploratory	and	motor	
behaviors	(Table	1)	were	scored	by	observers	blind	to	the	experi-
mental	plan.

2.4 | Liquid chromatography- mass spectrometry 
(LC- MS/MS)

Cerebral	 dopamine	 and	 its	metabolites	 including	DOPAC	 and	HVA	
were	 determined	 by	 LC-	MS/MS.	 Tissues	 including	 frontal	 cortex,	
hippocampus,	CPu	and	Acb	were	weighed	and	homogenized	in	80%	
acetonitrile	containing	0.1%	formic	acid	(5	μL/mg).	The	homogenates	
were	centrifuged	at	21	100	g	and	4°C	for	10	minutes.	The	superna-
tant	was	collected	and	stored	at	−80°C.	The	LC	separation	was	carried	
out	on	an	Agileng	1200	LC	system	using	a	PhenomenexKinetex	F5	
column	(100	×	2.1	mm,	2.6	μm).	MS/MS	detection	was	conducted	on	
a	3200	QTRAP	LC-	MS/MS	system.	The	multiple-	reaction	monitoring	
mode	was	used	for	the	quantification.

2.5 | Real-Time Quantitative RT-PCR

This	method	was	used	for	the	assay	of	TH	gene	expression	in	SN	and	VTA.	
Total	RNA	was	extracted	with	E.Z.N.A.	Total	RNA	Kit	II	(Omega	Bio-tek,	
Norcross,	GA,	USA),	and	RNA	concentration	was	determined	with	the	
spectrophotometer	(BioTek,	Winooski,	VT,	USA).	The	first-	strand	cDNA	
template	was	obtained	by	 the	 reverse	 transcription	 from	2	μg	 total	
RNA.	The	sets	of	primers	were	5′-	GCTTCTCTGACCAGGTGTATCG-	3′	
and	 5′-	GCAATCTCTTCCGCTGTGTAT-	3′	 for	 TH,	 and	 5′-	TGAACG	
GGAAGCTCACTG-	3′	 and	 5′-	GCTTCACCACCTTC-		 TTG	 ATG-	3′	 for	
GAPDH.	The	 real-	time	quantitative	PCR	was	performed	with	0.8	μL	
cDNA,	2	μL	specific	primers	and	2×	SYBR	green	with	final	volume	of	
20 μL.	The	condition	of	PCR	was	initial	cycle	at	95°C	for	10	minutes,	

F IGURE  3 Open-	field	test	shows	the	effect	of	finasteride	on	motor	behaviors	in	adolescent	(A)	and	early	developmental	rats	(B).	**P <	0.01,	
*P <	0.05.	It	is	shown	that	finasteride	treatment	at	doses	of	25	and	50	mg/kg	significantly	inhibits	the	motor	behaviors	in	adolescent	rats	(A)	in	
comparison	with	control	group,	while	has	no	effect	in	early	developmental	rats	(B).	(n	=	7	for	each	group)
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40 cycles at 95°C	 for	 15	seconds,	 58°C	 for	 20	seconds,	 72°C	 for	
27	seconds.	 The	 PCR	 products	 were	 analyzed	 by	 melting	 curve	 to	
confirm	the	specificity	of	amplification.	The	relative	quantification	was	
calculated	with	 2−△△Ct.	 TH	mRNA	expression	was	 normalized	with	
GAPDH	as	the	internal	control.	The	ratio	of	TH	to	GAPDH	was	used	
to	indicate	the	relative	expression	of	TH	mRNA.

2.6 | Western blot

This	method	was	used	for	the	assay	of	TH	protein	expression.	Tissues	
of	SN	and	VTA	were	homogenized	and	sonicated	in	RIPA	containing	

10%	 protease	 inhibitors.	 The	 homogenates	 were	 centrifuged	 at	
21 100 g	 and	 4°C	 for	 15	minutes.	 The	 supernatant	 was	 collected	
and	 store	 at	 −80°C.	 Protein	 sample	 concentration	 was	 determined	
by	BCA	method.	Samples	were	 loaded	and	electrophoresized	 in	5%	
stacking	 gel	 and	 12%	 separating	 gel,	 and	 subsequently	 transferred	
to	 a	 polyvinylidene	 fluoride	 membrane.	 The	 membrane	 was	 incu-
bated	 in	 5%	 fetal	 bovine	 serum	 for	 1	hour	 at	 37°C	 and	 then	 was	
incubated	 overnight	 at	 4°C	 with	 primary	 antibodies	 of	 rat	 anti-	TH	
monoclonal	antibody	(Sigma,	1:5000)	and	rat	anti-	β-	actin	monoclonal	
antibody	(Sigma,	1:2000).	The	membrane	was	incubated	for	1	hour	in	
IRDye®	800-	conjugated	goat	antimouse	secondary	antibody	(1:3000,	
Rockland)	at	room	temperature.	The	immunoblot	bands	were	scanned	
with	Odyssey	infrared	scanner	(LI-COR,	Lincoln,	NE,	USA).	TH	protein	
expression	was	normalized	with	β-	actin	as	 the	 internal	 control.	The	
ratio	of	TH	to	β-	actin	was	used	to	indicate	the	relative	expression	of	
TH	protein.

2.7 | Statistical analysis

Statistical	analysis	was	carried	out	with	SPSS	21.0.	All	data	were	
presented	as	means	±	SD.	For	data	 followed	equal	 variance	and	
normal	 distribution,	 1-	way	 ANOVA	 was	 applied	 followed	 with	
post	 hoc	 Tukey’s	 HSD.	 For	 data	 not	 in	 accordance	 with	 equal	
variance	or	normal	distribution,	Kruskal-	Wallis	test	was	used	fol-
lowed	 by	 pairwise	 comparisons.	 P < 0.05 was considered to be 
significant.

3  | RESULT

3.1 | Open- field behaviors

In	 adolescent	 rats,	 finasteride	 treatment	 both	 at	 doses	 of	 25	 and	
50	mg/kg	significantly	decreased	the	numbers	of	walking,	sniffing,	
climbing	and	rearing	(only	in	50	mg/kg	group)	in	exploratory	behav-
iors	(Figure	2A)	and	decreased	the	numbers	of	vertical	and	horizon-
tal	 activities	 and	 total	 path	 length	 in	motor	 behaviors	 (Figure	3A)	
compared	 with	 control	 group.	 The	 decreasing	 percentage	 ranged	
from	31%	to	68%	in	exploratory	behaviors	and	from	33%	to	66%	in	
motor	behaviors	(Table	2).	With	greater	doses	of	finasteride	used	in	
25	and	50	mg/kg,	exploratory	and	motor	behaviors	were	 inhibited	
more	significantly	 (Table	2),	which	 indicated	 the	dose	dependency	
of	 the	 decrease	 in	 open-	field	 behaviors	 to	 finasteride.	 The	 finas-
teride	treatment	at	dose	of	3	mg/kg	had	no	effect	on	the	open-	field	
behaviors.

In	early	developmental	rats,	there	was	no	significant	change	in	ex-
ploratory	and	motor	behaviors	at	any	dose	of	finasteride	or	at	any	ob-
servation	time	point	of	postnatal	day	21	or	49	compared	with	control	
group	(Figures	2B	and	3B).

3.2 | Dopamine and its metabolites

In	 adolescent	 rats,	 finasteride	 treatment	 both	 at	 doses	 of	 25	
and	 50	mg/kg	 significantly	 reduced	 the	 contents	 of	 dopamine	 in	

TABLE  2 Alterations	of	open-	field	behaviors,	dopamine	and	its	
metabolites	and	TH	expressions	after	finasteride	treatment	to	
postnatal	day	35	rats

Indices

Decreasing percentage in comparison 
with control group

25 mg/kg  
finasteride

50 mg/kg 
finasteride

Exploratory	behaviors

Walking 31	(P <	0.01) 58	(P <	0.01)

Sniffing 38	(P <	0.01) 64	(P <	0.01)

Climbing 42	(P <	0.05) 68	(P <	0.01)

Rearing N/A 63	(P <	0.01)

Motor	behaviors

Vertical	activity 40	(P <	0.05) 66	(P <	0.01)

Horizontal	activity 34	(P <	0.01) 56	(P <	0.01)

Total	length	path 33	(P <	0.01) 54	(P <	0.01)

Content	levels	of	dopamine	(upper	panel),	DOPAC	(middle	panel),	
HVA	(lower	panel)

Frontal	cortex 35	(P <	0.01) 59	(P <	0.01)

N/A N/A

N/A N/A

Hippocampus 34	(P <	0.05) 63	(P <	0.01)

N/A N/A

N/A N/A

CPu 35	(P <	0.05) 55	(P <	0.01)

23	(P <	0.05) 45	(P <	0.01)

23	(P <	0.05) 51	(P <	0.01)

Acb 34	(P <	0.05) 57	(P <	0.01)

23	(P <	0.05) 38	(P <	0.01)

N/A 50	(P <	0.01)

Expression	levels	of	TH	mRNA	(upper	panel)	TH	protein	(lower	panel)

SN 33	(P <	0.01) 37	(P <	0.01)

40	(P <	0.01) 57	(P <	0.01)

VTA 35	(P <	0.01) 42	(P <	0.01)

45	(P <	0.01) 64	(P <	0.01)

DA,	dopamine;	DOPAC,	dihydroxy	phenyl	acetic	acid;	HVA,	homovanillic	
acid;	Hip.	Hippocampus;	CPu,	caudate	putamen;	Acb,	nucleus	accumbens;	
TH,	 tyrosine	 hydroxylase;	 SN,	 substantia	 nigra;	 VTA,	 ventral	 tegmental	
area;	N/A,	not	applicable.
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frontal	 cortex,	 hippocampus,	 CPu	 and	 Acb	 compared	 with	 control	
group	 (Figure	4A-	D).	The	metabolites	of	dopamine	 including	DOPAC	
and	 HVA	 were	 also	 reduced	 in	 CPu	 and	 Acb	 (HVA	 only	 in	 50	mg/
kg	 group)	 after	 finasteride	 treatment	 at	 both	 doses	 of	 25	 and	 50	 
mg/kg	compared	with	control	group	(Figure	4E-	H).	With	greater	doses	
of	finasteride	used	in	25	and	50	mg/kg,	the	contents	of	dopamine	and	
its	metabolites	were	decreased	more	significantly	(Table	2),	which	indi-
cated	the	dose	dependency	of	the	decrease	in	contents	to	finasteride.	
The	 levels	of	DOPAC	and	HVA	 in	 the	 frontal	 cortex	 and	hippocam-
pus	were	too	low	to	be	detected.	The	finasteride	treatment	at	dose	of	
3	mg/kg	had	no	effect	on	the	contents	of	dopamine	and	its	metabolites.

In	early	developmental	rats,	there	was	no	significant	change	in	the	
contents	 of	 dopamine,	DOPAC	 and	HVA	 at	 any	 dose	 of	 finasteride	
group	or	any	observation	time	point	of	postnatal	day	21	or	49	com-
pared	with	control	group	(Figure	5).

3.3 | TH mRNA and protein expressions

In	 adolescent	 rats,	 finasteride	 treatment	 both	 at	 doses	 of	 25	 and	
50	mg/kg	significantly	down-	regulated	TH	expression	both	at	mRNA	
and	protein	levels	in	SN	and	VTA	(Figure	6).	With	greater	doses	of	fin-
asteride	used	in	25	and	50	mg/kg,	the	expression	of	TH	both	at	mRNA	
and	protein	levels	were	down-	regulated	more	significantly	(Table	2),	
which	indicated	the	dose	dependency	of	the	down-	regulation	of	TH	
expressions	 to	 finasteride.	 The	 finasteride	 treatment	 at	 dose	 of	 3	 
mg/kg	had	no	effect	on	the	TH	expressions	both	at	gene	and	protein	
levels.

In	early	developmental	rats,	there	was	no	significant	change	in	TH	
expressions	at	either	mRNA	or	protein	level	at	any	dose	of	finasteride	
group	or	any	observation	time	point	of	postnatal	day	21	or	49	com-
pared	with	control	group	(Figure	7).

F IGURE  4 Liquid	chromatography-	
mass	spectrometry	analysis	shows	the	
effect	of	finasteride	on	the	contents	of	
dopamine	and	its	metabolites	in	adolescent	
rats.	**P <	0.01,	*P <	0.05.	It	is	shown	
that	finasteride	treatment	at	doses	of	25	
and	50	mg/kg	significantly	reduces	the	
contents	of	dopamine	(A-	D)	in	frontal	
cortex,	hippocampus,	CPu	and	Acb	and	
its	metabolites	including	DOPAC	(E-	F)	
and	HVA	(G-	H)	in	CPu	and	Acb	compared	
to	control	group.	Abbreviations:	DA,	
dopamine;	DOPAC,	dihydroxy	phenyl	
acetic	acid;	HVA,	homovanillic	acid;	Hip.	
Hippocampus;	CPu,	caudate	putamen;	Acb,	
nucleus	accumbens.	(n	=	7	for	each	group)
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4  | DISCUSSION

The	 present	 study	 indicated	 that	 finasteride	 inhibited	 brain	 dopa-
minergic	system	and	exploratory	and	motor	behaviors	 in	adolescent	
male	 rats.	Dopaminergic	 system	exerts	 important	modulating	effect	
on	neuropsychiatric	behaviors	besides	its	regulation	on	motor	control	
and	 learning	 new	motor	 skills.25	Many	 studies	 indicate	 that	 nigros-
triatal	dopamine	pathway	takes	part	 in	the	drive	of	exploratory	and	
locomotion	behaviors.26-30	For	example,	dopamine	transporter	inhibi-
tor	GBR-	12909	and	amphetamine	increased	open-	field	ambulation	in	
rats31	 and	preference	 for	novel	options	 in	monkeys.26	Furthermore,	
dopamine	D4	 receptor	 knockout	mice	 showed	 reduced	 exploration	
in	 open-	field	 test.28	 Therefore,	 it	was	 suggested	 that	 the	 inhibition	

of	exploratory	and	motor	behaviors	after	finasteride	treatment	in	the	
present	study	may	be	the	result	of,	at	 least	 in	part,	the	inhibition	of	
dopaminergic	system.

A	 series	 of	 studies	 suggest	 the	 involvement	 of	 dysfunction	
of	 dopaminergic	 system	 in	 the	 pathogenesis	 of	 neuropsychiatric	
disorders,	 such	 as	Tourette	 syndrome	 and	 schizophrenia.32,33	 For	
instance,	hyperactivity	and	aberrant	metabolisms	of	dopaminergic	
system,	including	high	level	of	dopamine	transporters,	high	densi-
ties	of	dopamine	receptor	D1	and	D2	in	frontal	cortex,	were	found	
in	 the	 development	 and	maintenance	 of	Tourette	 syndrome.12-15 
On	 the	 other	 hand,	 loss	 of	 dopamine	 in	 ventral	 striatum,	 amyg-
dala,	thalamus	and	cingulated	cortex	was	shown	to	be	associated	
with	depression	and	anxiety	 in	Parkinson	disease.34	Experimental	

F IGURE  5 Liquid	chromatography-	mass	
spectrometry	analysis	shows	the	effect	of	
finasteride	on	the	contents	of	dopamine	
and	its	metabolites	in	early	developmental	
rats.	It	is	shown	that	finasteride	treatment	
at	any	dose	or	any	observing	time	point	has	
no	effect	on	the	contents	of	dopamine	(A-
D)	in	frontal	cortex,	hippocampus,	CPu	and	
Acb	and	its	metabolites	including	DOPAC	
(E-F)	and	HVA	(G-H)	in	CPu	and	Acb	
compared	to	control	group.	Abbreviations	
used	are	the	same	to	Figure	4.	(n	=	7	for	
each	group)
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studies	revealed	that	decreased	dopaminergic	activity	was	associ-
ated	with	the	reduction	of	exploratory	and	locomotor	behaviors.35 
Ablation	of	dopamine	D2	receptor	or	age-	related	reduction	of	the	
brain	dopaminergic	activity	was	involved	in	motor	dysfunction.36,37 
Thus,	the	present	finding	that	finasteride	treatment	inhibited	brain	
dopaminergic	system,	implies	finasteride	as	a	potential	therapeutic	

option	for	neuropsychiatric	disorders	with	hyperactivities	of	dopa-
minergic	system	and	androgen.

The	present	study	demonstrated	that	administration	of	finasteride	
during	 adolescence	 inhibited	 dopaminergic	 system	 in	 late	 adoles-
cent	male	rats.	It	was	already	revealed	that	testosterone	levels	in	the	
plasma	 and	 testes	 elevate	 rapidly	 between	postnatal	 day	20	 and	30	

F IGURE  6 Real-time	quantitative	
RT-PCR	and	western	blot	show	the	effect	
of	finasteride	on	TH	mRNA	and	protein	
expression,	respectively,	in	adolescent	rats.	
A	and	B	are	the	relative	expression	of	TH	
mRNA	with	the	ratio	of	TH	to	GAPDH.	In	C	
and	D,	the	upper	panel	is	the	immunoblot	
bands	of	TH	and	β-	actin,	and	the	lower	
panels	are	the	relative	expression	of	TH	
with	the	density	ratio	of	immunoblot	
bands	of	TH	to	β-	actin.	**P < 0.01. It is 
shown	that	finasteride	treatment	at	doses	
of	25	and	50	mg/kg	significantly	down-	
regulated	TH	expression	both	at	mRNA	and	
protein	levels	in	SN	and	VTA	compared	to	
control	group.	Abbreviations:	TH,	tyrosine	
hydroxylase;	SN,	substantia	nigra;	VTA,	
ventral	tegmental	area.	(n	=	7	for	each	
group)

F IGURE  7 Real-time	quantitative	
RT-PCR	and	western	blot	show	the	
effect	of	finasteride	on	TH	mRNA	and	
protein	expression,	respectively,	in	early	
developmental	rats.	A	and	B	are	the	relative	
expression	of	TH	mRNA	with	the	ratio	
of	TH	to	GAPDH.	In	C	and	D,	the	upper	
panel	is	the	immunoblot	bands	of	TH	
and β-actin,	and	the	lower	panels	are	the	
relative	expression	of	TH	with	the	density	
ratio	of	immunoblot	bands	of	TH	to	β-actin.	
It	is	shown	that	finasteride	treatment	
has	no	effect	on	the	TH	expression	at	
any	dose	or	any	observing	time	point	at	
gene	or	protein	level	compared	to	control	
group.	Abbreviations	used	are	the	same	to	
Figure	6.	(n	=	7	for	each	group)
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and	reach	maxima	between	postnatal	day	30	and	40.38	In	the	present	
study,	for	adolescent	rats,	finasteride	was	initially	delivered	at	postna-
tal	day	35	and	repeatedly	for	14	days	while	the	testosterone	level	was	
maximal.	During	 this	period	of	high	 testosterone	 level,	 the	 inhibition	
of	5α-	reductase	by	the	administration	of	finasteride	inhibited	the	up-
regulation	of	potent	dihydrotestosterone	which	is	normally	converted	
from	testosterone	and	then	elicited	inhibition	of	dopaminergic	system.	
However,	 for	early	developmental	 rats,	 finasteride	was	administrated	
from	postnatal	day	7-	21,	neither	early	adolescent	(postnatal	day	21)	nor	
late	adolescent	male	rats	(postnatal	day	49)	showed	significant	change	
in	the	dopaminergic	system	and	exploratory	and	motor	behaviors.	It	was	
reported	that	testosterone	levels	 in	the	plasma	and	testes	drop	from	
postnatal	day	1	and	remain	low	level	until	day	20	and	only	tiny	amount	
of	testosterone	is	secreted	by	the	testes	during	this	period.38	Even	the	
5α-	reductase	is	active,	there	would	not	be	much	dihydrotestosterone	
generated	in	the	plasma	because	of	the	low	level	of	testosterone	during	
postnatal	day	7-	21.	Therefore,	the	inhibition	of	5α-	reductase	by	admin-
istration	of	finasteride	during	this	developmental	stage	had	no	effect	
on	 androgen	 activity	 and	 dopaminergic	 system	 in	 early	 adolescence	
(postnatal	day	21).	In	addition,	rats	received	finasteride	from	postnatal	
day	7-	21	did	not	show	significant	change	 in	dopaminergic	system	or	
	exploratory	and	motor	behaviors	in	late		adolescence	(postnatal	day	49)	
as	well.	This	 result	 indicated	 that	 the	administration	of	 finasteride	 in	
early	developmental	stage	had	no	delayed	effect	on	dopaminergic	sys-
tem	and	exploratory	and	motor	behaviors	in	late		adolescence,	because	
the	half-	life	period	of	finasteride	 is	around	6	hours	only	according	to	
the	 instruction,	 and	 finasteride	administrated	at	early	developmental	
stage	had	been	metabolized	before	rats	developed	to	adolescent	stage.	
A	 recent	study	showed	that	administration	of	3	mg/kg	 finasteride	 to	
young	adult	rats	for	20	days	failed	to	induce	changes	of	dihydrotestos-
terone	level	in	the	cerebral	spinal	fluid	and	brain	tissue.39	In	the	pres-
ent	 study,	 the	 same	dose	of	 finasteride	 treatment	 also	did	not	 elicit	
significant	change	 in	dopaminergic	system	or	open-	field	behaviors	 in	
adolescent	 rats.	Taken	 together,	 the	present	 findings	 that	 finasteride	
treatment	inhibited	dopaminergic	system	only	in	adolescent	rats	rather	
than	early	developmental	rats	suggested	that	finasteride	inhibited	do-
paminergic	system	by	inhibiting	the	activity	of	androgen.

Androgen	 signaling	 is	 critical	 for	 central	 nervous	 system	 func-
tion,40	and	converging	studies	 indicate	 the	androgen	stimulation	on	
the	activity	of	dopaminergic	system.	For	example,	administration	of	
testosterone	inhibited	the	reduction	of	dopamine	and	DOPAC	in	cas-
trated male rats.10	Castration	decreased	the	activities	of	TH	in	caudate	
putamen,41	and	supplement	with	testosterone	completely	prevented	
castration-	induced	 reduction	 in	 striatal	 TH	 activity.41	 Testosterone	
propionate	 treatment	 induced	 alterations	 in	 dopaminergic	 signaling	
pathway	in	the	brain,42–44	which	increased	the	risk	of	mental	illness.42 
These	reports	support	the	present	conclusion	that	finasteride	inhib-
ited	dopaminergic	system	by	inhibiting	the	activity	of	androgen.

Although	the	present	study	suggested	the	effect	of	finasteride	on	
dopaminergic	system	via	the	 inhibition	of	androgen	activity	by	com-
paring	the	effects	of	finasteride	on	adolescent	and	early	developmen-
tal	rats,	one	concern	remains	whether	finasteride	directly	affects	the	
dopaminergic	system.	Indeed,	there	is	a	report	that	rats	at	postnatal	

day	5-	9	received	50	mg/kg	finasteride	decreased	novelty-	exploratory	
at	adolescent	age.45	Thus,	it	cannot	be	denied	that	finasteride	directly	
impacted	brain	dopaminergic	system.	More	detailed	studies	are	favor-
able	to	elucidate	this	concern.

Colocalization	 of	 androgen	 receptor	 with	 dopaminergic	 neurons	
might	 be	 important	 for	 the	 mechanisms	 underlying	 the	 stimulation	
of	androgen	on	dopaminergic	system.	Immunocytochemistry	and	situ	
hybridization	demonstrated	numerous	androgen	receptors	in	VTA	and	
SN,46,47	 and	one-	third	androgen	 receptor	bearing	cells	 in	 retrorubral	
fields	were	TH	immune-	positive.46,48	These	findings	suggest	that	an-
drogen	receptors	are	colocalized	with	dopamine	neurons,	and	andro-
gen	can	directly	bind	with	androgen	receptor	 located	on	the	surface	
of	dopaminergic	neurons	in	VTA	and	SN	and	modulate	dopamine	pro-
duction	 and	 metabolism.	 In	 addition,	 immunohistochemical	 analysis	
showed	 that	5α	 reductase	 II	 localized	 in	 the	prefrontal	 cortex,	basal	
ganglia,	basolateral	amygdala	and	hippocampus,49	where	the	dopami-
nergic	neurons	or	 their	projections	are	abundantly	 located,	 so	 finas-
teride	is	able	to	inhibit	dihydrotestosterone	production	in	these	areas.	
The	above	evidence	provides	neuroanatomical	basis	 for	 the	stimula-
tion	of	androgen	on	dopaminergic	system.	Thus,	in	the	present	study,	
when	finasteride	was	delivered	to	postnatal	day	35	rats,	dihydrotestos-
terone	production	was	reduced.	The	stimulation	of	androgen	binding	
with	its	receptor	located	on	dopaminergic	neurons	in	VTA	and	SN	was	
decreased,	which	reduced	dopamine	production,	and	inhibited	open-	
field	behaviors.

In	conclusion,	the	present	study	demonstrated	that	administra-
tion	 of	 finasteride	 to	 adolescent	male	 rats	 remarkably	 decreased	
activities	 of	 dopaminergic	 system	 and	 open-	field	 behaviors.	 The	
result	 of	 this	 study	 provided	 neurobiological	 evidence	 for	 finas-
teride	 as	 a	 potential	 therapeutic	 option	 for	 neuropsychiatric	 dis-
orders	associated	with	hyperactivities	of	dopaminergic	system	and	
androgen.
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